The arrow points to an individual plant of A. filifolia.
7
Color photographs of Artemisia filifolia depicting 21 the gray-green color characteristic of the foliage of this species; A) close-up of an individual plant; BJ stereogram of an A~ Jilifoila community and C) stereogram of vertical, aerial, color photographs, scale l :3,800 of an A. filifolia community. The arrows in B and C point to stands of A. filif olia. However, proposed indicators must be tested, and their reliability established. In their study of soil, as a factor influencing plant distribution on salt desertsin Utah, Gates, Stoddart, and Cook 7 found that some previously proposed indicator species of specific soil characteristics were unreliable. However, in some instances they can be used for imposing upper limits, and establishing averages to be expected for certain soil factors. Because the distribution of a taxon is a function of its genetic and ecological tolerance, the factor(s) limiting its distribution can vary near the extremes of its geographical range. For example, the distribution of a taxon may be limited at one extreme of its geographic range by temperature, at another extreme by the availability of moisture, and at still another extreme by one or more edaphic conditions. These considerations must be taken into account in the application and use of plant communities or plant species as indicators of terrain conditions. lL. G. Ramenskii, Vvedenie Vkompleksnoe Pochvenno-Geobotanicheskoe lssledovanie Zemel (lntr~d-11-e-tinn_ During preliminary field investigations in support of the Lake Powell Project by the Center for Remote Sensing (U~AETL-RI-CRS), Research Institute, U. S. Army Engineer Topographic Laboratories, the feasibility of using plant species as indicators of terrain conditions was established, and a list of potential indicator species of the depth of soil to bedrock and soil type was compiled. The following species were identified as potential indicators:
Artemisia filifolia Torr. Coleogyne ramosissima Torr.
Ephedra viridis Coville
Juniperus osteosperma (Torr.) Little Pinus edulis Engelm. Tamarix pentandra Poll.
The occurrence of Coleogyne ramosissima (Black-Brush) has been established as a reliable indicator of soil depths of less than 1 meter to bedrock. 8 The present study was undertaken to describe and to establish the reliability of Artemisia filifolia as an indicator of soil depth to bedrock in northern Arizona and southern Utah.
STUDY AREAS AND METHODS
During 1973 and 1974, vegetation sampling and soil depth measurements were completed in three study areas in Utah and Arizona ( The study areas will hereafter be referred to as "Lake Powell," "Hurricane," and "St. George," respectively. During this investigation, 18 permanent test sites were maintained jointly by Brigham Young University and the U.S. Army Engineer Topographic laboratories at the Lake Powell study area,fl&n Two additional sites, Hurricane and St. George, were selected to test the reliability of A. filifolia as an indicator. Cronquist, et al, 1972) . The Lake Powell study area is in a high desert environment with an average annual rainfall of 12.1 mm (4.78 inches), based on an 8-year period. Soil depth measurements were made either along line transects that were set up across boundaries between A. filifolia and adjacent communities or at random within the zones defined below. Each transect was divided into five arbitrary zones (A through E), defined in relation to the boundary, zone C, between the two plant communities.
Zone C, the boundary zone, consisted of a 5-meter-wide swath, the center of which was defined as the last occurrence of A. Filifolia. The last occurrence of A. filifolia was used as the reference point for all measurements, inside and outside of A. Filifolia communities. Two zones (D and E) were defined within A. filifolia communities. Zone D lay between 2.5 and 8.0 meters from the center of the boundary zone (C), and zone E lay greater than 8 meters from the center of the boundary zone. Two zones (A and B) outside A. filifolia communities were similarly defined. Zones B, C, and D constitute an ecotone, the width of which is 16 meters. These zones were defined to facilitate the investigation of changes in the depth of soil to bedrock across ecotones between A. filifolia and adjacent communities. In each of these zones, depth measurements were made by digging soil pits or by using a soil depth probe. Soil depth to bedrock was defined as the depth of refusal of the shovel or depth probe.
The maximum measureable soil depth was 180 centimeters (cm), and all soil depths greater than 180 cm were arbitrarily assigned a value of 180+ cm. Soil depth in areas where plants were found growing in crevices in exposed bedrock was designated as 0 cm.
In conjunction with the field work, aerial photography was taken, with two film types at four scales. Tlte fHm types examined-were-culor; Ektachrome-MS 2448; arrdPanchromatic, Double-X 2405 with Wratten 12 filter. Both film types were studied at scales of 1 :500, 1 :3,575, 1 :5,750, and 1 :9,700.
RESULTS
At the sites included in this study, Artemisia filifolia consistently occurred in soils where the depth to bedrock was greater than 1 meter. The relative frequency distribution of all depth measurements shows that within A. filifolia communities (zone £), all soil depth to bedrock measurements exceeded 100 cm, and no soil depths less than 100 cm were recorded (Table 2 ). In the ecotone (zones B, C, and D), 82.2 percent of the depths measured were less than 100 cm, and 17 .8 percent were equal to or greater than 100 cm. Soil depths in these transitional zones were highly variable. All measurements outside of A. filifolia (zone A) were less than I 00 cm, but were expected to be shallow since the adjacent community was frequently dominated by Co/eogyne ramosissima, an indicator of shallow.soil depth.16 Tables 2 and 3 show the relative frequency distribution and the frequency distribution of soil depth measi.tremen ts, respectively, and the data of Table 2 are represented graphically in Figure 4 . Figure 4 is a set of three histograms that represent the distribution of soil depth in three major zones: (I) within A. filifolia, zone £; (2) the 16-meter ecotone, zones B, C, and D; and (3) outside A. filifolia, zone A. Figure 5 is a summary of all soil depth to bedrock measurements, by zones (A through£), where E summarizes measurements performed within A. fi/ifolia communities more than 8 meters inside the boundary zone center line, and A summarizes measurements of soil depth performed in adjacent communities at a distance greater than 8 meters outside of the boundary zone center line. The summary graphs for the ecotone, B, C, and D, demonstrate effectively the transitional nature of soil depths between E and A. Note that both E and A are highly skewed; E is skewed positively, toward greater depths, and A is skewed negatively, toward shallow depths (figure 6). All data, by site, are presented in Appendix A.
In areas where A. filifolia occurs as scattered individuals, soil depth measurements were found to be variable, with a range in soil depths approximating the values encountered in the transitional zones.
Independent of our studies, M. B. Satterwhite (personal communications) reports similar results from studies in the Fort Bliss, Texas, area.
CONCLUSIONS
Artemisia filifolia is a reliable indicator of the fact that the depth of the soil mantle over the bedrock is greater than I meter. Preliminary analysis of aerial photography of the Lake Powell, Hurricane, and St. George study sites indicates that A. filifnlia can be discriminated from other desert shrubs by remote sensing techniques. Therefore, the ability to discriminate A. filifolia enables the investigator to derive terrain information, namely soil depth to bedrock, from analysis of aerial photography. 
I 3
Artemisia filifolia can be discriminated on black and white photography by the feathery texture of the individual shrub; however, large scale ( 1: 1500) imagery is required (Fig. 6) . A. filifolia is detected mainly on the basis of its gray-green color, and therefore color photography should be used for this purpose (Fig. 7) .
On color photography, stands of A. filifolia were readily identifiable at all four scales. On panchromatic photography, the reliability of identification and delineation of A. filifolia was greatly reduced, particularly at 1 :9,700.
Sand sagebrush (A.filifolia) is only one of many plant species that are reliable indicators that can be exploited in the extra'fion of terrain data. Other possible "species/ vegetation indicators" should be investigated and tested to establish their reliability as indicators of specific soil characteristics, as well as other environmental characteristics. 
